Abstract. According to the characteristics of Fluid-solid coupling flow field of centrifugal fan, fan aerodynamic performance signal collecting experiment under different conditions are carried out on the centrifugal fan test bed. The relationship among airflow pressure pulsation, noise and vibration are studied by using nonlinear dynamics methods such as phase space reconstruction, correlation dimension, and complexity and so on, which lays the foundation for predicting the fan running status by monitoring the signal of airflow pressure pulsation and the noise. The result shows that the phase diagram of airflow pressure pulsation signal attractor is the most distinct and regular among the three signals. The scope of the phase diagram increases and becomes sparse and confusing with the decrease of the flow, which reflects that pressure pulsation amplitude becomes larger and the internal flow deteriorates gradually with the decrease of flow. The correlation dimensions are calculated with G-P algorithm of the three signals first decrease and then increase with the decrease of the flow. The correlation dimension of the airflow pressure pulsation or noise under stall operating condition can be used as monitoring indicators. The L-Z complexity of the noise increases constantly with the decrease of the flow. But the L-Z complexity of airflow pressure pulsation and vibration first decreases and then increases with the decrease of the flow.
Introduction
Centrifugal fan play an important role in the coal mine production. As the main source of power for coal mine ventilation, centrifugal fan can not only ensure the security of coal production, but also reduce probability of the occurrence coal mine gas accident effectively. The research on the dynamic behavior of centrifugal fan has great significance in aspect of improving production security and ensuring the safety of the personnel, because once the fan fails, serious economic loss and personnel safety accident will take place. As an important branch of fluid-solid coupling aerodynamic-elastic, impeller machinery belongs to fluid-solid coupling problem. It is very important to study the internal and external coupling of the fan in the aspect of improving fan impeller performance, structural strength, vibration characteristics, safety of fan operation reliability and the fan ability of prolonging working life. The paper [1] analyzes the shortcomings of mine centrifugal fan, and puts forward some measures of improving the safety of coal mine and preventing the ventilation accident. The paper [2] indicates that the source of initial cracks on the blade was corrosion and crack propagation, and pitting on the surface of the blade were controlled by a high cycle fatigue process. The essay [3] indicates that the crack in the blade was initiated by fretting fatigue and spread under low cycle fatigue by analyzing the fracture surface of the failed blade. The essay [4] studies the problem of Fluid-solid interaction (FSI) of turbo-machinery. The literature [5] introduces treatment scheme with the basic theory of fluid structure interaction, and summarizes the interaction, with experiment, numerical methods of the realization of turbine machinery and fluid structure. Chinese scientific research workers Li Jiafeng, Wang Jun, Li Hui who specialize in wing and aero engine, have done a lot of work to lay the foundation for the development of Chinese aero elastic theory in the aspect of aero-engine aero-elastic in the literature [6] . Hy Cui, N. Ding and M. Hong analyze the flow field and structural characteristics of the fan by using modern numerical simulation methods. pick out finite element method which based on computational fluid dynamics (CFD) and computational structural dynamics (CSD) comprehensively in the literature [7] . In the literature [8] , Ata I. researches the methods of blade flutter and progress of the study model, by comparing the advantages to disadvantages of different methods, of which dealing with blade flutter. In the literature [9] , Salhi B. and Lardies Jet introduce a method of analyzing the vibration data from a limited number of measurements. In the literature [10] , the impeller fluid solid coupling analysis and fatigue life analysis are completed under the aerodynamic force, the centrifugal force and the gravity effects of the blade. Literature [11] summaries research status at home and abroad in fields of blade tip-timing sensing, blade vibration and damage monitoring, and the paper indicates that the leading edge and trailing edge of the blade which closed to the blade tip have obvious vibration problems with wave vibration dominant, so stiffness allowance should be considered fully in fan designed. In the literature [12] , according to the aerodynamic characteristics of fan blades and the basic theory of fluid-solid coupling, the aerodynamic elastic analysis of fan blades was carried out, the G-P algorithm, the calculation method of the correlation dimension of the diesel engine sound signal are expounded, and the influence of the noise on the correlation dimension in the calculation process is discussed in detail. The paper [13] uses the energy method to predict the blade flutter of modern gas-turbine engines, and the correlation dimension to stall signal can be used as characteristic quantity to judge the rotating stall. The paper [14] indicates that non-contact measurement method is install easily and has no interference by measured blade. Literature [15] gets the analysis of the tip clearance change rule by adopting the thermal structure coupling technology for different operation conditions of the turbine blade tip clearance change simulation study. In the literature [16] , a cavitation monitoring system of hydraulic turbines is developed based on multidimensional cavitation analysis and full-wave rectified spectrum analysis method to extract cavitation characteristic signals. In the literature [17] , the vibration signals of axial impeller are analyzed and flow fluctuation are collected in different condition by correlation dimension, approximate entropy and L-Z complexity. Zhang Xinming sums up the shortcomings of the current research from domestic and foreign in the perspective of tip timing sensor, blade vibration and damage monitoring in the literature [18] . The paper [19] indicates chaotic motion can be used to detect and diagnose the early fault signal of the rotating machine by the phase change of the chaotic motion, which can provide an effective basis for the early fault diagnosis of the rotating machinery in engineering practice. The literature [20] studies the sensitivity of the chaotic system to the immunity to the noise, so that the chaotic system can detect the weak periodic signal in the noise background. The literature [21] indicates that the flutter frequency is close to the natural frequency of the blade, with the inlet speed and the angle of attack are important factors that affect the stability of the air elasticity. The literature [22] predicts the vibrations during blade processing. For the interaction of wind and flexible vanes, literature [23] uses a non-matching interface discretization method in which aerial dynamics are calculated using alevms based on low-order finite element, while rotor blades are modeled using nurbs-plasma analysis. In literature [24] , a structural analysis method is proposed to solve the problem of large Fluid-solid interaction. The literature [25] points out stabilize the operating conditions, the main frequency of the impeller around the same pressure fluctuations through the same blade. The literature [26] uses the finite element method to calculate the dynamic response of the volute One-way coupling from fluid to structure. According to the basic theory of acoustics, Literature [27] determines the location and noise type of the main aerodynamic noise source inside the fan.
By taking Centrifugal fan impeller mechanism as the research object, this topic explores the relationship between aerodynamic pulsation and leaf structure, the mechanism of fan blade failure based on the characteristics of fluid-solid coupling flow field and impeller-fluid-solid coupling. By investigating the relationship of flow pulsation-noise-vibration in flow field and monitoring blade vibration and noise, the paper put forward the possibility of predicting the operating state of the fan and working condition of blade. The methods of control impeller mechanical fluid-solid coupling vibration, which using noise to diagnose the fault and improving the safety and reliability of impeller mechanical operation are raised to achieving the comprehensive management of impeller mechanical failure.
Experimental study
Based on the similarity theory, the experimental platform which simulates aerodynamic performance of Centrifugal fan, include the vibration, airflow pulsation and noise measuring point of the model are displayed in Fig. 1 . The acceleration sensor, gas pressure sensor, microphone are used to measure the vibration signal, airflow pulsation signal, noise signal. B&K dynamic signal acquisition and analysis system are used to measure the vibration signal, airflow pulsation signal, noise signal. The output signal of sensors are converted into a digital signal by a collector after being processed by a preamplifier or a front conditioner. The measuring instrument system integrates gain, filter, multiplexer, sample hold circuit, A/D converter, memory and logic control circuit. A good foundation for the experiment are provided by signal acquisition and conversion system which consists of collector, pressure sensor, front conditioner and signal amplifier. The whole system working principle is shown in Fig. 2 . Measurement of contact with the strain gauge for measuring the vibration of the blade has shortcomings, such as difficult in installation, high cost and difficult to achieve. The sensors of this method which are mounted on a relatively stationary housing to meet the requirements of synchronization with the pulsating pulse, because vibration signal can be obtained only when the blade rotate to a specific position. The indirect measurement scheme, which taken in this paper meets the requirements of signals. Pressure sensors among different levels and microphones are installed to measure airflow pulsation and fan noise. The fan axial vibration is reflection of entire flow field because the rigid connection of blade and the hub make blade vibration is bound to reflect on Impeller axial vibration. The pressure sensors installed between the stages measure airflow pulsation. The microphone sensors measure fan noise.
Since the analysis of collected signals is in the help of computer or an analytical instrument, the continuous signals are discarded. According to Nyquist sampling theorem, we set the sampling frequency 5120 Hz, number of sampling blocks 32, each block 1024 points, each group of acquisition time 6s, to meet the needs of data preprocessing anti-mixing and digital filtering. And according to the actual situation, the gain and amplification of the channel system are set separately. The signals of the three channels are collected at the same time.
Data processing
In As shown in the Figs. 4, 5, the strange attractors of flow pulsation, noise, vibration under flow changes tend to be more complex and intensity reduced. Two strange attractors appearing from fault, indicate that existence of failure in chaotic system will lead to the change of strange attractor. The attractor spectrum of the pulsating signal with the least noise is the most clearly and regularly. The increasing range of phase diagram change into sparse and chaotic as the flow decreases. From which can be reflected the decrease in the flow rate will cause increase of airflow pulsation, and deterioration of internal flow of the ventilator. By observing noise signals and vibration signals, with less attracting features, but it can still be seen that the range of phase diagrams increases and becomes sparse and chaotic as the flow decreases, with the flow reduce, the noise of the fan becomes larger, the vibration becomes violent. This means that the three attractors have the same characteristics and reflect the operating state of the fan to a certain extent. It can be seen from the figure that the phase diagram of the airflow pulsation and the noise collection signal of the ventilator are disordered due to the influence of the fault signal, and the signal after being de-noised by wavelet shows clear and regular chaotic attractor characteristics. As more information contained, geometric characteristics of vibration signal attractor which before and after de-noising are not obvious, but its attractiveness has improved. As shown in Fig. 3-6 , the correlation exponent increases with the increase of the embedded dimension and reaches saturation at = 13. The correlation dimension of airflow pulsation is 0.3691 under working conditions Φ = 0.770. This shows that the pulsation of the air flow has certain chaotic characteristics and wavelet de-noising has a certain de-noising effect on the pulsation signal. The best embedding dimension and correlation dimension of the airflow pulsation, noise and vibration de-noising signals of the ventilator under various conditions are shown in Table 1 . It can be seen from the Fig. 7 that the correlation dimension of airflow pulsation, noise and vibration are interrelated and have a tendency of decrease first and then increase with the decreasing trend of flow rate, and the pulsating signal and fan noise signal of the airflow can reflect the operating state of the fan and working state of the blade to a certain extent. The numerical simulation results show under the working condition Φ = 0.605, Fan has a slight rotation stall, the rotation stall will become serious, with the flow reduction, and there are a large difference in the aspect of associated dimension between the condition of stable operation with rotation stall. Under the working condition Φ = 0.479, the ripple dimension of airflow pulsation or noise can be used as operating state of the fan and the blade monitoring index. Axial fan works in the rotational stall working condition, in which the air flow pulsation signal acquisition process is less likely to be disturbed. It can be seen from the Fig. 8 that if large flow condition is ignored, the complexity of airflow pulsation, noise and vibration are consistent and the complexity of the pulsating and vibration are consistent, and the decrease of the flow decreases with the decrease of the flow. Airflow pulsation, noise and vibration are interconnected, the air flow pulse signal and the fan noise signal can reflect the operating state of the fan and the certain working state of the blade. It is more feasible to predict the running state of the fan and the state of the blade work by monitoring the signal of air flow pulse.
Conclusions
By reconstructing the phase space of the three attractors under different conditions, the attractor tends to be complicated and the intensity tends to decrease with the change of flow. The attractor spectrum of the pulsating signal is the most clearly and regularly. The phase diagram becomes range increases sparse, confusing as the flow decreases. The decrease of the flow rate will cause increase of airflow pulsation, and deteriorate of internal flow of the ventilator.
Calculated by using the GP algorithm, with the decrease of the flow rate, the correlation dimension of three signals shows a tendency of decrease firstly and then increase. The correlation of the airflow pulsation or noise in the stall condition can be taken as a fan stall monitoring indicators.
By calculating the L-Z complexity of the three signals under different working conditions, this shows that that the complexity of noise increases with the decrease of flow rate, and the complexity of airflow pulsation and vibration decreases with the decrease of flow rate. It is more feasible to predict the operating state of the fan and the state of the blade by monitoring the airflow pulsation signal.
